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SLAGS R ^^ VER ^ ^ F TITANIUM DIOXIDE FROM TITANIUM OXIDE BEARING MATERIALS LIKE STEELMAKING 



(57) Abstract: A method of recovering titanium dioxide from 
a titanium oxide bearing raw material, such as e g steel slags 
rich in Ti02 includes the steps of grinding the titanium dioxide 
raw material, reacting the particulate raw feed material with 
sulphuric acid ujnder specified conditions, digesting and filtering 
the resultant cake material containing titanyl sulphate, hydrolysing 
the titanyl sulphate and, after washing the hydrolysate, calcining 
the hydrolysate to produce titanium dioxide. 
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RECOVERY OP TITANIUM DIOXIDE PROM TITANIUM OXIDE BEARING MATERIALS LIKE 
. STEELMAKING SLAGS . ' 




BACKGROUND OF THE INVENTION 



THIS invention relates to the recovery of titanium from titanium bearing 
materials, and in particular to a method of recovering titanium dioxide or 
titanium metai from a titanium dioxide bearing material. . 

"'. Highveld Steel and Vanadium Corporation is a large manufacturer of steel 

using its own unique steel manufacturing process The slag produced in this 

steel manufacturing process is rich in titanium^ 
22: to 32% of the slag material. 

Pure titanium dioxide is white in colour: and is, therefore, a valuable pigment 
■ usedirimari^ 

polyrners and the like. The slag produced in the Highveld Steel manufacturing 
process is an ideal source of titanium dioxide for this purpose. However, there 
is currently no viable commercial process for recovering the titanium dioxide 
from the slag material 
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3) filtering the jiydrpjysate iyyjth sodium 

" h ^™^ hydroxide, water, phosphoric acid and/or 
diluted sulphuric acid; and 

h) calcining " the ^ hydrblysate to drive off any residual acid and 
water of .crystallisation to produce titanium dioxide. 

The slag in step a) is preferably ground to form a particulate material in which 
at least 80% of the particles are able to pass through a 175 micron mesh, 
more preferably a 45 micron mesh 

The reaction of the sulphunc acid solution and particulate feed material in step 
b) typically takes place in a fusion reactbr v which may be a batch or continuous 
fusion reactor 

The temperature is preferably raised in the fusion reactor by introducing pre- 
heated air into the reaction vessel 

Co,d air is Preferably blown through the cake material, in particular for a period 
of about 4 hours, after the reaction is completed to produce a porous cake. 

The porous cake is preferably left to mature for an appropriate time, typically 
about 8 hours. 



In step c), air is preferably introduced.with the water, arid optionally recovered 
process acid; in order to assist with agitation to dissolve the cake. 

The air is preferably cold air to control the reaction temperature, preferably 
.below about 85°C t more preferably below about 75°C, in order to prevent 
premature crystallisation of TiO z 
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BRIEF DESCRIPTION OF THE DRAWING 



The invention will now be.described in more:detail, by. way of example only, . 
with reference to the accompanying drawing which is a schematic flow 
diagram of a preferred embodiment of a method of recovering titanium dioxide 
according to the present invention! 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present, invention is . directed at a so-called . sulphating process for 
recovering titanium, .in particular . titanium dioxide, from a titanium bearing 
material, in particular a slag produced in a steel manufacturing process 
containing titanium dioxide- 

In the first embodiment of the invention, the titanium bearing matenal is ground 
to an . appropriate particle size and classified. - For ease of describing the 
process, reference is made to a slag produced in a sted manufacturing 
process, the slag containing about 22. to ,32% ::tltanium. . dioxide. -..:The raw 
material is ground into a particulate material until at least 80% of the titanium 
dioxide in the slag is liberated and is able to pass through a 175 micron mesh, 
more preferably a 45 micron mesh. 



The particulate material is then reacted with sulphuric acid in a continuous or 
batch fusion reactor. In order to cany out the reaction, the desired amount of 
sulphuric acid, typically a 93% to 96% sulphuric acid solution at suitable 
temperature, is firstly introduced into the fusion reactor. The. particulate feed 
material is then added to the sulphuric acid solution. Preheated air, or steam if 
appropriate, is then introduced through the bottom of the reactor and allowed 
to rise through the reaction mix in order to heat the reaction mix to the point 
where the reaction commences. The heated air is normally introduced at 
about 400°C and the reaction usuaNy commences at around 100°C. 
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" '.T*?®.'*!. er *? 3o,ution |s processed in a hydrblysis step in order to precipitate but 

the Ti0 2 xH 2 0. During this hydrolysis step, about 1 % nuclei rutile is added to 
water at 25°C ( whereafter the water is heated to a temperature of about 60°C 
The titanyl sulphate solution is then added to the seeded water and the 
temperature raised to boiling point (+/- 95°C), at which stage hydrolysis takes 
place. Hydrblysis is clearty evident from "the:, white suspension which is 
produced. This step is allowed to proceed for +/- 1 hour in order for hydrolysis 
to be completed. The hydrolysate is then filtered in a hot filtration step in order 
to recover the hydratedtitart is carried out in a hot 

filtration step in order to keep the particle size large enough to be captured by 
the filtering medium. 



The liquor is a misty blue colour due to the Fe and V components which can 
be recovered from the liquor. Once the Fe and V have been recovered, the 
liquor may be reused for washing of leaching. 

The hydrolysate recovered in the filtration process contains T10xH 2 O.S0 3 . 
This product is washed with an ammonium solution, typically a 12,5% NH 3 
solution, to remove any residual Fe and V and also to remove sulphate as 
ammonium sulphate. 



The resultant TiOjXHp hydrolysate, containing about 91% Ti0 2) and some 
s °4 2 . VOSO<, FeOS0 4 and FeS0 4 , is then calcined in an oxidative 
environment by passing air through the product at a temperature of about 
950°C for about an hour. The SO a is driven off and can be recovered as 
H 2 S0 4 together with the waters of crystallisation. The resultant titanium 
dioxide product has a purity of about 98%. 

■■ If desired, the : leachate cot^ . the ::VOS0 4 and . FeOSOVFeSO^ is 
crystallised, and fiftere^to recover (NH 4 ) 2 S0 4 fertiliser. The solution containing 
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with reference to the following non-limiting example. 
~ EXAMPLE 

? The slagused in this example comprised the following components: 

CaO ' • 14% 

: MgO 13% 

Si0 2 .25% 

. Al 2 0 3 15% 

TK> 2 25% 

/ vVjOs o,7% ... 

FeO 6,5% : 

The raw slag material wps ground and classified until 80% of the fine 
particulate material had an average diameter of less then 175 microns, as 
determined by passing the particulate material through a 175 micron mesh. 

1 5 Litres of 93% H 2 S0 4 was introduced at 25°C into a sealed reactor. 20 kg of 

fine slag material was then introduced into the reactor and after about 2 
minutes the temperature rose from about 25°C to about 63°C, which is 
indicative of the exothermic reaction already taking place. Air, which had been 
preheated to 400°C, was then introduced into the bottom of the reactor. The 
appropriate valve was opened to about 25% of its capacity. Within 5 minutes, 
the temperature of the reaction mixture had reached 100°G whereupon the 

*' exothermic reaction , started to take place, as was evident from the violent 

white fumfes of S0 3 coming off the reaction mixture. After a further 3 minutes 
the temperature had nsen to about 173°C and continued to rise to a maximum 
of about 21 0 ? C, whereafter the temperature started to drop. After a further 10 

^ minutes, the temperature had dropped to about 100°C at which time cake 
formation commenced. The air valve was then opened to its full capacity and 
the temperature once again rose to about 130°C whereafter .it dropped off. 
The air was allowed to continue flowing through the cake mass for a period of 
6 hburc to forma porous cake. 
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greater than 99.99% titanium dioxide from the 98% titanium dioxide material. 

Although the additional purification step results in a greater than 99;99% 
titanium dioidde ^ extremely: dangerous product and 

has to be used under stnctly controlled conditions. The applicant therefore set 
about adapting the process to produce 99.9% titanium dioxide without the 
need for an additional gas chlorination stage It was surprisingly found that by 
optimising the process steps in a number of areas, a titanium dioxide product 
having a purity of greater than 99.9% can be obtained. 

Accordingly a second, particulariy preferred embodiment will now be described 
with reference to the accompanying drawing. 

The titanium slag, available is dned as needed and ground to a uniform fine 
Particle size, The pulverized slag is mixed with approximately 13 parts by 
weight of 93% sulphuric acid and heated with pre-heated air in a reactor 
vessel. At about. 100°C the exothermic reaction starts and the slag is 
converted into a solid mass composed of soluble titanium, vanadium and iron 
sulphates. The use of heated air instead of heated steam has been found to 
be preferable. The reason for this is that the Highveld Steel slag used in the 
process has free iron present, in an amount of about A% % in the ferrous state. 
Accordingly, it is undesirable to have water in the fusion reaction as it would 
transform the free iron to the Fe*~ state. In addition, the presence of oxygen in 
the heated air assists in the recovery of the titanium by converting TP W to 
TiV^^i ■„":.".,. ;./T;/: v : 1 

Cold air is Wen blown through the -cake for about 4 hours after the reaction is 
completed to produce a porous cake. The cake so produced is left to rriature 
for about 8 hours, 
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dense yellow solution is obtained after filtering, which is rich in peroxide 
Ti0 3 .2H 2 0. By way of information, the peroxide is an oxidising substance 
which is unstable in the presence of water.and is much more soluble than Ti0 2 
or Ti0 2 .H 2 0. It dissolves in acid solutions: with the formation of yellow to red 
pertitanyl ions (TiCV). In alkaline solutions, it forms titanate ions (HTiCV) 
and/or colourless pertitanate ions (HTiCV and TiCV) The solubility of the 
peroxide is around 1g : mol/l at a pH of O r 5 (acid medium) and at a pH of 12 
(alkaline medium). By the action of hydrogen peroxide on very acid solutions 
of ti> or tetravalent titanium, a solution of peroxiclized Ti0 2 * + ions is obtained, 
which deposits as a precipitate of peroxide, Tn0 3 .2H 2 0, upon increasing the 

pk . .. .. ..; 



During the hydrolysis step, the titanium solution is transformed into a white 
titanium oxyhydrate slurry. The steps that have gone before are fundamental 
in preparing the titanium compounds- for hydrolysis. One step which is not 
required when using Highveld slag is crystallization and vacuum concentration. 
Thus, hydrolysis is carried out by contacting, the .titanyl sulphate, containing 
solution with heated water, which has been seeded with nucleating or seeding 
agents, in particular nuclei rutile, and then boiled: 



The formation of titanyl hydroxide proceeds according to the following 



reactions: 




TT~ + 20H- ►TiO^ + H 2 Oand 

TiCT + 20H — ► TiQ(OH) 2 

To increase the rate of thermal hydrolysis of sulphate solutions at atmospheric 
pressure and at the same time obtain products of pigment grade, nucleating or 
seeding agents are added. Normally only 1% nuclei or seed agent is required. 



WO 02/48412 



PCT/IB01/01020 




-.15 - 



The main reason for washing the hydrblysate is to neutralize the liquor and to 
improve the crystal properties. Conditioning agents such as dilute acids and 
zinc or aluminium . : powder or a powerful nonrmetallicL reducing agent, or 
phosphoric ^ aad Vbr iah: alkaline metal <xutd.:also be introduced during this 
washing stage, to ensure the formation of the rutile structure during the 
calcination process that follows. 

The thoroughly purified and washed hydrolysate obtained by the thermal 
hydrolysis of titanium salt solutions is an amorphous hydrous oxide which still 
contains impurities as chemi-adsorbed acid. In addition, .it Is 
and almost amorphous, which is undesirable for. pigment grade TiQ 2 In the 
production of pigment grade Ti0 2) accordingly, a calcination step is necessary 
to drive off the water and residual acid and at the same time convert the 
titanium dioxide to the crystalline form of a required particle size. At the same 
time, desired pigmentary properties are developed. 

Amorphous titanic oxide or hydroxide (TiO,xH 2 d ? Sp3) f stich a^ is obtained 
from the sulphate solution, is converted to the crypto crystalline modification of 
pigment grade Ti0 2 by calcination at 950°C for 1 hour. 

Grinding, classifying and pulverizing of the calcined product, produces the TiO z 
pigment matenal having a purity of greater than 99 9%. 

The various solutions produced in a test process of the invention were 
analysed by Anglo Amencan Research Laboratories (Pty) Ltd for the presence 
of Si, Ca, Ti, V and Fe, and the results thereof are set out in. table 1. below. 
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TiO z 


Fe 


S 


V 




% 


ng/g 


ng/g 


ng'g 


6 


99.9 


413 


1969 


176 


7 


97.4 


234 


18817 


26 


9 


99.9 


525 


446 


198 


10 


813 


546 


65126 


205 



Key to table 2: 



6. Ti0 2 calcined for 1 hour 

7. Ti0 2 calcined for 14 hour. 
9. T7Q 2 calcined for 2 hours. 

TO. Ti0 2 undergoing no calcination. 



From the above table, it is evident that at least 1 hour is required for obtaining 
99.9% Ti0 2 . However, in order to reduce the amount of S (in the form of S0 3 ), 
2 hours in the calcining operation was found to be optimum. 



Frpm the above. results, it is evident that it is possible to obtain pigment ^.grade 
..titanium dipx/de. having a. purity of 99.9% or greater w^put.^ to carry out' 
an:additipnal purification method. . 



As the process is able to produce titanium dioxide which is extremely pure, it 
provides an ideal means of recovering titanium dioxide from slag or other 
titanium dioxide bearing materials to produce white pigment or titanium metal, 
valuable products in industry. 
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g) filtering the hydrolysate followed by washing with sodium 
hydroxide, ammonium hydroxide, water, phosphoric acid and/or 
diluted sulphuric acid; and 

h) calcining the hydrolysate to drive off any residual acid and 



2. A method according to claim i . wherein the slag in step a) is ground to 
form a particulate material in which at least 80% of the particles are 
able to pass through a 45 micron mesh. 

3 A method according to claim 1 or claim 2, wherein the reaction of the 
sulphuric acid solution and particulate feed material, in step b) takes 
place in a fusion reactor. 

4. A method according to claim 3, wherein the temperature is raised in 
the fusion reactor by introducing pre-heated . air into the reaction 
vessel. 



A method according to any one of claims 1 to 4, wherein cold air is 
blown through the cake material , after , the reaction is completed to 
produce ;a* porous cake. 



6. A method according to claim 5, wherein the cold air is blown through 
. the cake, material for about 4. hours. 



A riiethod according to claim 5 or. claim 6, wherein the porous cake is 
left to mature. 



8. A method according to daim 7, wherein the porous cake is left to 
mature for about 8 hours. 
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j) condensing the gaseous TjCl, to produce a crude liquid TiCl,; 

k) distilling the crude liquid TiCI 4 to produce a substantially pure 
V TiCl; liquid; and 6ith^rr^ : . 

I) gasifying the pure TiCI 4 liquid to produce gaseous TiCI 4 and 
oxidising the gaseous TiCI 4 to produce titanium dioxide 
pigment, or 



m) treating the pure TiCl 4 liquid in a conventional process to 
produce metallic titanium 



INTERNATIONAL SEARCH REPORT 



tp^fSWATIOT 'OF SUBJECT MATTER \ L ~ " 

C22B7/04 C22B3/08 . C01G23/047 C01G23/053 



iro nal Application No 

PCT7IB 01/01020 



Accofcflno to Inte maflonal Patent dasslftoatlon (IPC) orto both ^ t^ioi^ d^^la^ and PC • 
B. FIELDS SEARCHED ~ ~ " ' . - . ::' r ~ : ~ 



MWroiro docw^^n s^jed (daariffcalioo system followed by ctassfflcaflon symbols) 



Documentation searched other than minimum documentation to the extent that such documents a m included hi the fiekfe sealed ' 



Sectronlc data base consulted during (he International search (name of data base and, where practical, search terns used) 

WPI Data, EPO-Internal, COHPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cltaiton of ctocument, with location, where appropriate, of the relevant passages 



US 2 531 926 A (MYERS MYRON L ET AL) 
28 November 1950 (1950-11-28) 
column 1 -column : 7; cl alms 1-4,6 

US 2 589 910 A (SCHNEIDER ERWIN L) 
.18 March 1952. (1952-03-18) 

7, line 27 -column 8, line 15: 

claim 1 

GB 629 333 A (NEW JERSEY ZINC CO) 
16 September 1949 (1949-09-16) 
Page 3, line 25 - line 33 
page 2, line 20 - line 60 

US 3 218 131 A (GROSE ROBERT W) 
16 November 1965 (1965-11-16) 
examples I-V 



-/- 



j X| further documents are feted In the continuation of box C. 



Relevant to dalm No. 



1,2 



1,4 . 



1,14 



1,2 



• Special categories of cited documents : 

'-^ < ?2!!2^ artwhlchtenot 
considered to be of particular relevance 

•E" earlar document but published on or aJter the international 
nmgoate 

--"^SSSSf^JSSS "SfcE^ doubts 00 F* 0 ^ dain(s) or 

JJ** b eted to estabfish the publkaGon date of anoW 

dtaOon or other spedal reason (as specified) 
9" ^Kne^rferrfng to an Oral dtsdosure, use, exhlbflton or 

^ulanlijepTjorilydatecfatned v 



ID 



Patent fam By members are listed In annex 



T later document publ3hed after Ihe mtemallonaf filing data 
or priority date and hot In conflict with the application but 
cttod to understand the principle or Iheory ^dertytng the 
. . Invention 

•X 1 document of particular relevance; the cfcumed Invention 
cannot be considered novel or cannot be considered to 

ty?* 6 .?" rY^to? 0 .skp.*". 60 . foe document Is taken alone 

'V document of particular relevance; the dalmod Invention 
• cannot be considered to hvohre an bivenuwo step when the 
document to combined with one or more other such docu- 
ments, such comblnaUon being obvious to a person sidled 



Oate of the actual completion of the international search 

15 January 2002 : 



•4* c&awneht member of the sajrie patent fanilV 



Name and mailing address of. the ISA 

European Patent Office, PA 5818 PaWlaan 2 

v NL-226t)HVR|svrt]k ■ 

. M M.1-70) 340-2040; Tx. 31 851 apo rt 

Fax (431-70) 340^3010 . \ " 



Oato of mailing of the International search report 



22/01/2002. 



!Au^ortzed;6fnc«f 



Bombeke, M 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

ormaUon on patent family members 



(nt ond Application No 

PCT7IB 01/01020 



Patent document 
dted in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



US 2531926 



28-11-1950 NONE. 



US 2589910 


.. .. A .. 


18-03-1952 


NONE 






6B 629333 


. A. 


.... .16-09-1949 


NONE 






US 3218131 


A 


16-11-1965 


NONE 






US 3341291 


A 


12-09-1967 


GB 
DE 
FR 
NL 


1022590 A 
1243658 B 
1410010 A 
6410352 A 


16-03-1966 

03-09-1965 
05-04-1965 


DE 1199746 


:.::::.:pr:. 




NONE 






US 4731230 


A 


15-03-1988 


DE 
AU 
AU 
BR 
CA 


. 3623322. Al. 
590929 B2 
7560387 A 
8703546 A 
1274375 Al 


21- 01-1988 
23-11-1989 
14-01-1988 

22- 03-1988 
25-09-1990 
16-05-1991 

. : 20-01-^1988 
02-02-1988 








DE 
EP 
OP 


3769222 01 
0253183 A2 
63025221. A • 


US 5527469 


.' A' "7. 


18-06-1996 


EP 


0748769 Al 


18-12-1996 



7 . ■ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
[^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 
GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




